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1
ADENO-ASSOCIATED VIRUS 2/8—MICRO
RNA-101 THERAPY FOR LIVER CANCER

TECHNICAL FIELD OF THE INVENTION

The present invention generally relates to the field of inter-
ference RNA (RNAi) and more particularly to a sub-group,
micro RNA (miRNA).

BACKGROUND OF INVENTION

Although identified relatively recently, miRNAs have been
recognized as one of the major regulatory gene families that
utilize identical cellular enzymes/pathways as siRNA with
similar mechanisms leading to translational repression of
target mRNA. Emerging evidences strongly suggest a crucial
role played by miRNAs in various cellular mechanisms
including cancer pathogenesis. Micro-RNA genes are tran-
scribed, generally by RNA polymerase I1 (Pol II), generating
the primary miRNA (pri-miRNA). In the nucleus, the RNase
IIT endonuclease Drosha cleaves the pri-miRNA to produce
~70-nucleotide precursor miRNA (pre-miRNA). Exportin-5
transports the pre-miRNA into the cytoplasm, where it is
cleaved by another RNase I1I endonuclease, Dicer, to a ~21-
nucleotide miRNA duplex. These miRNA molecules are
loaded into RNA-induced silencing complex (RISC) which
will help knockdown target messenger RNA.

In the recent past, a particularly important role for miRNAs
in cancer pathogenesis has emerged. Virtually all examined
tumors globally displayed abnormal miRNA expression con-
tributing to cellular transformation and tumorigenesis. Due to
their importance in controlling various cellular functions
related to cell division and differences and their dramatic
alterations in cancer, potential therapeutic approaches have
been envisaged. Several lines of evidences suggest that
miRNA replacement represents a viable and efficacious strat-
egy. Although specific miRNAs are often over-expressed in
cancer cells, most miRNAs are down regulated in tumors.

Silencing of an abnormally elevated miRNA or enforced
expression of under expressed miRNA in cancer are ideal
targets for gene correction therapy. Small interfering RNAs
and miRNAs share similar endogenous biological processing
pathways. miRNA expression and processing can be regu-
lated through similar mechanism that controls siRNA. The
similarities between miRNA and siRNA suggest that miR-
NAs also have the potential to affect epigenetic mechanisms
including methylation and histone deacetylation leading to
diseases like cancers caused by somatic gene aberrations.

Global miRNA profile studies revealed several specific
miRNAs with altered expressions contributing to hepatocyte
transformation and metastasis. The role of miRNAs in human
cancer is further supported by the fact that >50% of miRNA
genes are located at fragile genomic loci prone to deletion or
amplification that are frequently altered in human cancers.
Correcting the altered micro-RNA genes in liver cancer may
constitute an important therapeutic approach. Significant
under expression of miRNA-101, is a molecular lesion asso-
ciated with tumor progression. Genomic loss of miRNA-101
in cancer leads to over expression of EzH2 and concomitant
dysregulation of epigenetic pathways, resulting in cancer pro-
gression.

miRNAs’ have a broad specificity as they do not require a
perfect match with the complementary sequence of their tar-
get mRNA. This creates a possibility of unintended, non-
specific targeting of genes. But the fact that the miR-101
silences the expression of several tumor promoting genes
such as COX-2, PKCa, suggests that its enforced expression
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in cancer cells will knockdown tumor promoting genes. Even
though the role of miR101 has been studied in several solid
epithelial malignancies, relatively little is known about its
involvement in the progression of liver cancer.

Enhancer of zeste homolog 2 (EzH2) is a mammalian
histone methyltransferase that contributes to the epigenetic
silencing of target genes and regulates the survival and
metastasis of cancer cells. Of the 34 miRNAs predicted to
regulate EzH2, only miR-101 is found to have a strong nega-
tive association with cancer progression from benign to local-
ized disease to metastasis. Analysis of human prostate tumors
revealed that miR-101 expression decreases during cancer
progression, paralleling an increase in EzH2 expression.
Expression and function of EzH2 in cancer cell lines are
inhibited by microRNA-101 (miR-101).

EzH2 is over expressed in aggressive solid tumors by
mechanisms that remain unclear. EzH2 is a catalytic sub-unit
of polycomb group of repressor proteins which catalyze
methylation of chromatin leading to transcriptional silencing
of'several tumor suppressor genes or anti-oncogenes. The loss
of miR-101 and concomitant elevation of EzH2 is most pro-
nounced in metastatic cancer, suggesting that the loss of
miR-101 may represent a progressive molecular lesion in the
development of more aggressive disease. Approaches to rein-
troduce miR-101 into tumors may have therapeutic benefit by
reverting the epigenetic program of tumor cells to a more
normal state.

Hepato-cellular cancer (HCC) is commonest primary liver
cancer accounting for roughly 90% of this class of malig-
nancy with poor prognosis due to rapid spread. Inadequacy of
current therapies and presentation of patients with advanced
diseases have meant that the treatment is generally palliative
and prognosis is extremely grave. Early detection combined
with novel effective combinatorial therapies are needed for
improving management of HCC patients. The increasing evi-
dences have indicated that miR-101 was regarded as a meta-
static determinant and a key component in tumor metastasis
in several malignancies including liver cancer.

One of the most difficult challenges impeding the advance-
ment of RNA/-based HCC therapy is efficient and safe deliv-
ery of effecter sequences. Ideally, vectors deliver silencing
molecules selectively to most if not all the malignant hepato-
cytes. Viral vectors are generally more efficient vehicles in
vivo than non viral vectors. Viral vectors have been success-
fully used for enforced expression of miRNAs in various gene
therapy studies established their delivery and efficacy.

Although viral vectors permit the efficient delivery and
stable expression of miRNA, establishment of safety, efficacy
and potent gene silencing are crucial ingredients for selecting
the viral delivery vehicle. A key area of research in the use of
RNA/for clinical applications is the development of a safe
delivery method, which to date has involved mainly viral
vector systems similar to those suggested for gene therapy.

Adeno-associated virus (AAV) is one of most promising
vectors for gene therapy. The recombinant AAV (rAAV) pro-
vides a nonpathogenic and latent infection by integrating into
the host genome; it also shows high transduction efficiency of
both dividing and non-dividing cells and tissues with persis-
tent transgene expression. Such recombinant AAV’s have the
advantage of exhibiting modified tropism, (i.e., being highly
selective with respect to the tissues it infects), as well as
having a higher rate of transduction efficiency when com-
pared to native AAV. Adeno-associated virus (AAV) is cur-
rently being tested in several human gene therapy trials
because of its several unique features that distinguish it from
other gene therapy vectors. These features include (i) a broad
host range; (i) lack of cell-mediated immune response
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against the vector; (iii) ability to integrate into a host chro-
mosome or persist episomally, thereby creating potential for
long-term expression; (iv) minimal influence on changing the
pattern of cellular gene expression and the like.

Hence there is a need for a treatment for liver cancer incor-
porating the expression of pre-miR-101.

OBIECT OF INVENTION

The principal object of the invention is to provide a treat-
ment of liver cancer by utilizing a vector for enforced expres-
sion of pre-miR-101.

STATEMENT OF INVENTION

Accordingly the invention provides a vector for enforced
expression of pre-miR-101 which is characterized by a vector
of polynucleotide sequence of SEQ ID NO:1.

There is also provided a pharmaceutical composition for
enforced expression of pre-miR-101 which is characterized
by a vector of polynucleotide sequence of SEQ ID NO: 1 and
a pharmaceutically acceptable carrier.

In another embodiment, the invention provides a method
for enforced expression of pre-miR-101 by administering a
vector of polynucleotide sequence of SEQ ID NO: 1.

In yet another embodiment, the invention provides a
method for treating a patient having a disease associated with
over expression of EzH2 by administering to the patient a
therapeutically effective amount of a vector of polynucleotide
sequence of SEQ ID NO:1.

BRIEF DESCRIPTION OF FIGURES

The embodiments are better illustrated in the accompany-
ing drawings, through out which reference letters indicate
corresponding parts in the various figures. The embodiments
herein will be better understood from the following descrip-
tion with reference to the drawings, in which:

FIG. 1A is a Schematic diagram depicting the construction
of recombinant vector, AAV-8-pre-miRNA-101, a cloned
pre-miRNA-101 ORF in a rAAV-8.

FIGS. 1B-1, 1B-2, 1B-3 and 1B-4 are schematic diagrams
depicting a consensus nucleotide sequence of chimeric virus
vector, AAV-8-pre-miRNA-101 and is represented by SEQ
ID NO:1.

FIG. 2A is a schematic diagram depicting a Western blot
showing the expression of AAV-miRNA-101 effected EzH2
after 24 and 48 hrs using beta-actin as loading control.

FIG. 2B is a schematic diagram depicting a graphical illus-
tration of the effect of AAV-miRNA-101 on the growth of
Hep-G2 cells.

FIG. 2C is a schematic diagram depicting growth curves of
Hep-G2 cells transduced by AAV-miR-101.

FIG. 3 A is a schematic diagram depicting subcutaneous
tumor growth in SCID mice injected with control Hep-G2
cells.

FIG. 3B is a schematic diagram depicting subcutaneous
tumor growth in SCID injected with Hep-G2 cells transduced
by AAV-miR-101.

DETAILED DESCRIPTION OF INVENTION

The embodiments herein and the various features and
advantageous details thereof are explained more fully with
reference to the non-limiting embodiments that are illustrated
in the accompanying drawings and detailed in the following
description. Descriptions of well-known components and
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processing techniques are omitted so as to not unnecessarily
obscure the embodiments herein. The examples used herein
are intended merely to facilitate an understanding of ways in
which the embodiments herein may be practiced and to fur-
ther enable those of skill in the art to practice the embodi-
ments herein. Accordingly, the examples should not be con-
strued as limiting the scope of the embodiments herein.

It is to be understood that the present disclosure is not
limited in its application to the details of construction and the
arrangement of components set forth in the following descrip-
tion or illustrated in the drawings. The present disclosure is
capable of other embodiments and of being practiced or of
being carried out in various ways. Also, it is to be understood
that the phraseology and terminology used herein is for the
purpose of description and should not be regarded as limiting.

The use of “including”, “comprising” or “having” and
variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional
items. The terms “a” and “an” herein do not denote a limita-
tion of quantity, but rather denote the presence of at least one
of the referenced item. Further, the use of terms “first”, “sec-
ond”, and “third”, and the like, herein do not denote any order,
quantity, or importance, but rather are used to distinguish one
element from another.

One embodiment is directed towards the construction and
expression of a chimeric virus vector, AAV-2-pre-miRNA-
101, wherein an entire pre-miRNA-101 ORF is cloned in a
recombinant adeno-associated virus vector serotype-2,
pseudo-typed with AAV-8 capsids; wherein the capsids are
mutated from tyrosine to phenylalanine at 3 different places
(Y: Tyrosine; F: Phenylalanine; Y444F, YSOOF and Y730F)
Subsequently expressed miRNA-101 molecules target EzH2
among other metastsasis associated transcripts in HCC. The
vector based medicine in a pharmaceutically acceptable car-
rier, wherein the pharmaceutically acceptable carrier includes
without limitation simple saline and buffer, is either directly
administered through hepatic portal vein or intravenous injec-
tion of subjects that achieves tumor regression.

The embodiments are better illustrated in the accompany-
ing drawings, throughout which like reference letters indicate
corresponding parts in the various figures: Referring now to
the drawings, and more particularly to FIG. 1A, FIG. 1B-1,
1B-2, 1B-3, 1B4, FIG. 2A, FIG. 2B, FIG. 2C, FIG. 3A, FIG.
3B, where there are shown preferred embodiments.

Referring to FIG. 1A is a diagram depicting the construc-
tion of AAV-2-pre-miRNA-101, a recombinant virus vector
where an entire pre-miRNA-101 ORF is cloned into multiple
cloning site of AAV-2 vector. In accordance with an embodi-
ment, the vector constructed is a self-complementary AAV
vector in which the expression of pre-miRNA-101 is being
driven by human HI promoter. According to an embodiment
the self-complementary adeno-associated virus (scAAV)
vector contains mutated capsids, wherein mutation(s) result
in an amino acid substitution of the capsid protein at critical
amino acid positions. Adeno-associated viruses, from the
parvovirus family, are small viruses with a genome of single
stranded DNA. The recombinant AAV, which does not con-
tain any viral genes and only the therapeutic gene, does not
integrate into the genome. Instead the recombinant viral
genome fuses at its ends via inverted terminal repeat (ITR)
recombination to form circular, episomal forms which con-
tributes to the long term gene expression. The vector also
accommodates many functional genes of variable functions
and several marker genes to help the functional analysis of a
gene of interest. Recombinant AAV vectors containing the
miRNA expression cassette can be packaged efficiently and
can be used to infect successfully the target cells at high
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frequency and with minimal toxicity. Assembly of viral vec-
tor can be done using processes well known in the art.

Referring to FIGS. 1B-1, 1B-2, 1B-3 and 1B-4 are sche-
matic diagrams depicting the consensus nucleotide sequence
of a chimeric, self-complementary AAV-2-pre-miRNA-101
and represents SEQ ID NO:1. In accordance with an embodi-
ment, vector comprises the restriction endonuclease sites,
Nhel, PspOMI and the like. A self-complementary adeno-
associated virus (scAAV) vector also known as double-
stranded AAV (dsAAV) is employed which significantly
minimizes the vector load required to achieve sustained trans-
gene expression. The efficiency of these vectors in terms of
the number of genome-containing particles required for
transduction is hindered by the need to convert the single-
stranded DNA (ssDNA) genome into double-stranded DNA
(dsDNA) prior to expression. This step can be entirely cir-
cumvented through the use of self-complementary vectors,
which package an inverted repeat genome that can fold into
dsDNA without the requirement for DNA synthesis or base-
pairing between multiple vector genomes.

Referring to FIG. 2A is a diagram depicting a Western blot
showing the expression of AAV-miRNA-101 effected EzH2
after 24 and 48 hrs using beta-actin as loading control.
According to an embodiment, these cancer cells are cultured
for indicated time intervals after AAV-miRNA-101 transduc-
tion. The Western blot analysis illustrates a diminished EzH2
expression through scanty bands on the blotting gel. Persis-
tent miRNA-101 expression is highly desirable to inhibit
EzH2,
which requires an uninterrupted expression of miRNA-101
from precursor miRNA (pre-miRNA). This is possible if a
pre-miRNA-101 is transduced into cells as part of a plasmid
or introduced by recombinant viral vectors. This pre-miRNA
generates a single stem-loop of sense and antisense strands
that are cleaved by the Dicer to produce the active miRNA.
miRNA-101 silences the EzH2 transcript and protein expres-
sion of polycomb repression complex protein through bind-
ing to the 3'UTR of EzH2 transcript, thus resulting in the
down-regulation of the EzH2 transcript. microRNAs (miR-
NAs) regulate target gene expression through translation
repression or mRNA degradation. The ability of individual
miRNAs to regulate hundreds of transcripts allows these
RNAs to coordinate complex programs of gene expression
and thereby induce global changes in cellular physiology.
miRNAs provide functions essential for normal development
and cellular homeostasis and accordingly dysfunction of
these molecules has been linked to several human diseases.
RNA interference (RNA/) is a mechanism by which double
stranded RNAs mediate sequence-specific gene silencing.
This provides a new tool in the fight against cancer. The
application of RNA/technology in basic cancer research
facilitates the identification and validation of potential thera-
peutic targets for cancer, and the elucidation of the molecular
pathways governing cancer growth and development.

Referring to FIG. 2B is a diagram depicting a graphical
illustration of the effect of AAV-miRNA-101 on the growth of
Hep-G2 cells. These cancer cells are cultured for indicated
time intervals after AAV-miRNA-101 transduction. This dia-
gram illustrates the inhibitory effect of AAV-miRNA-101
vector on EzH2 expression as “% control” according to one
embodiment. AAV-miRNA can initiate long-term transgene
expression and this transduction is attributed to episomal
concatamer formation without integration into host chromo-
some. Based on this point, AAV vectors would appear less
mutagenic. Although AAV package capacity is restrained to
less than 5 kb, most of therapeutic genes for cancer treatment
fall into this range. Fast kinetics of gene expression when
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delivered as scAAV vector is attributed to the conversion of
sSAAV vector genome to double-stranded templates. This
advancement, which further reduces AAV packaging size (2.5
kb), will still accommodate pre-microRNA which in general
is less than 100 nucleotides long.

Referring to FIG. 2C is a diagram depicting the growth
curves of Hep-G2 cells transduced by AAV-miR-101 vector.
Cell growth is assessed by CCK-8 cell proliferation assay
method. According to an embodiment, Hep-52 cancer cell
lines are transduced by AAV-miRNA-101 and cultured over a
period of 3 days. The transduced cells result in time depen-
dent inhibition of cell proliferation and induced cell death.
These diagrams illustrate the time dependent inhibitory effect
of AAV-miRNA-101 vector on EzH2 expression according to
one embodiment. EzH2 is one of a set of 70 genes whose
expression predicts a poor outcome in HCC and most patients
with high EzH2 exhibit this poor prognosis signature. EzH2
over expression correlates with late stage disease and can
even be an independent predictor of aggressive cancers.

Referring to FIG. 3A is a diagram depicting the measure-
ment of tumor found after 8 weeks when ~3 million control
Hep-G2 cells were subcutaneously injected in a 6 week old
SCID mice. Whereas FIG. 3B is a diagram depicting the
measurement of tumor found after 8 weeks when ~3 million
AV-miR-101 transduced Hep-G2 cells were subcutaneously
injected in 6 week old SCID mice. The tumor-forming ability
of Hep-G2 cancer cell lines was found to be substantially
reduced when they were transduced by AAV-miRNA-101,
clearly indicating that EzH2 is needed for the growth of liver
tumors in vivo.

In a preferred embodiment, the AAV vector contains muta-
tion(s) resulting in an amino acid substitution of the capsid
protein at critical amino acid positions. According to an
embodiment, recombinant AAV vectors which show a
reduced or eliminated heparin binding function can be
achieved by replacing amino acid residues located, at critical
positions (Y: Tyrosine; F: Phenylalanine; Y444F, YS00F and
Y730F). Alternatively, amino acid residues at critical posi-
tions can be eliminated or one or more amino acid residues
can be inserted thereby distorting the
spatial structure of the heparin binding domain in such a way
that heparin binding is eliminated or at least weakened.

AAVS, a serotype discovered in rhesus monkeys is a
remarkable alternative to AAV2 because it is able to mediate
robust transgene expression in various tissues, particularly
for mouse liver transduction. Use of pseudo typed vectors of
the AAV2 type genome, packaged in AAVS capsids, is char-
acterized by a more rapid rise in transgene expression as well
as an unrestricted level of hepatocyte transduction, an ~20
times higher than found with prototype AAV2 vectors. AAV8
vectors facilitates an efficient hepatocyte transduction by
means of either a portal vein or tail vein injection equally,
which otherwise not practical using prototype AAV2 vectors.

According to an embodiment, targeted gene silencing of
liver cancer metastasis associated gene EzH2, by RNA inter-
ference (RNAi) mediated by recombinant vector, AAV-
miRNA-101 can inhibit liver cancer progression in vitro and
in vivo. The miRNA expressed from viral vectors in vitro and
in vivo specifically reduce expression of stably expressed
plasmids in cells, endogenous genes and transgenes in animal
models. The ability of viral vectors based on AAV to trans-
duce cells efficiently in specific tissues, coupled with effec-
tiveness of virally expressed siRNA will extend the applica-
tion of siRNA to viral-based therapies and to basic research.

As will be appreciated by a person skilled in the art, the
embodiments provide a variety of advantages. As per an
embodiment, using a pre-miRNA-101 cloned in a self-
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complementary AAV-2 vector to express miRNA, targets and
silences EzH2, which is a metastasis promoting gene in liver
cancer apart from other tumor promoting genes. It offers an
efficient and safe therapeutic option to arrest the progression
of metastasizing hepatocellular carcinoma and other metas- 5
tasizing cancers in vitro and in vivo. This recombinant vector
administered in a pharmaceutically acceptable carrier mol-
ecule or formulation can be used as an adjuvant therapy after
surgery or in combination with surgical treatment. If given as
a direct infusion in to hepatic portal vein or through intra-
arterial administration, it can result in a targeted and faster
elimination of hepatic cancer cells. As per an embodiment,
various cytotoxic side affects associated with many chemo-
therapeutic agents and specific to cancer cells is evaced with-
out causing severe side effects. As per one embodiment, the
drug can be administered directly into hepatic portal vein,
which exposes the tumor to very high doses of the drug than
systemic infusion. Further intravenous administration of
AAVS is known to target liver tissue. An increased drug
exposure achieved by the vector based medicine results in
tumor regression more significantly than systemic drug deliv-
ery and also eliminates any possible side effects on other
organs.

Applying new generation rAAV vectors for gene silencing
that are not only self-complimentary AAV-2 vectors (scAAV-
2) for efficient trans-gene expression but also have capsid
mutations which circumvent cytosomal degradation and
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enhance the transduction by 20 fold leading to high-efficiency
transduction at low doses. miRNAs have favorable pharma-
cokinetic properties and can be delivered to a wide range of
organs. miRNA based therapeutics offer a highly selective
gene therapy to several metastatic cancers including liver
cancer in subjects who failed to respond to conventional
therapies through a specific post transcriptional gene silenc-
ing mechanism.

While specific embodiments have been shown and
described in detail to illustrate the inventive principles, it will
be understood that the invention may be embodied otherwise
without departing from such principles.

The foregoing description of the specific embodiments will
so fully reveal the general nature of the embodiments herein
that others can, by applying current knowledge, readily
modify and/or adapt for various applications such specific
embodiments without departing from the generic concept,
and, therefore, such adaptations and modifications should and
are intended to be comprehended within the meaning and
range of equivalents of the disclosed embodiments. It is to be
understood that the phraseology or terminology employed
herein is for the purpose of description and not of limitation.
Therefore, while the embodiments herein have been
described in terms of preferred embodiments, those skilled in
the art will recognize that the embodiments herein can be
practiced with modification within the spirit and scope of the
embodiments as described herein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1

<210> SEQ ID NO 1

<211> LENGTH: 6876

<212> TYPE: DNA

<213> ORGANISM: recombinant adeno-associated virus-2/8

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3169)..(3169)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3173)..(3174)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3177)..(3177)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3179)..(3180)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3182)..(3194)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 1

cctgecaggca getgegeget cgetegetea ctgaggceege cogggcaaag ccegggegte 60
gggcgaccett tggtegeceyg gectcagtga gegagegage gegcagagayg ggagtggact 120
gtgggaacat cacagatttt ggctccatge cctaaagaga aattggettt cagattattt 180
ggattaaaaa caaagacttt cttaacgcgg ccgcteggte cgcactegac caattcteat 240
gtttgacage ttatcatcge agatceggge aacgttgttyg ccattgetge aggegcagaa 300
ctggtaggta tggaagatct atacattgaa tcaatattgg caattagcca tattagtcat 360
tggttatata gcataaatca atattggcta ttggccattg catacgttgt atctatatca 420
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-continued
taatatgtac atttatattg gctcatgtcc aatatgaccg ccatgttgac attgattatt 480
gactagttat taatagtaat caattacggg gtcattagtt catagcccat atatggagtt 540
cegegttaca taacttacgg taaatggecce gectggetga cegeccaacyg acccececgece 600
attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg 660
tcaatgggtyg gagtatttac ggtaaactgc ccacttggca gtacatcaag tgtatcatat 720
gccaagteeg cccectattg acgtcaatga cggtaaatgg cecgectgge attatgecca 780
gtacatgacc ttacgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat 840
taccatggtg atgcggtttt ggcagtacac caatgggegt ggatageggt ttgactcacg 900
gggatttcca agtctccace ccattgacgt caatgggagt ttgttttggce accaaaatca 960
acgggacttt ccaaaatgtc gtaataaccc cgccccecgttg acgcaaatgg geggtaggceg 1020
tgtacggtgg gaggtctata taagcagagc tcgtttagtg aaccgtcaga tcectctagaag 1080
ctggaacgge cagagaggcc ttaaattcac catggtgage aagcagatcce tgaagaacac 1140
cggcctgcag gagatcatga gcecttcaaggt gaacctggag ggcgtggtga acaaccacgt 1200
gttcaccatg gagggctgcg gcaagggcaa catcctgtte ggcaaccagc tggtgcagat 1260
ccgegtgace aagggcgcecc cecctgccecctt cgecttegac atcctgagece cecgectteca 1320
gtacggcaac cgcaccttca ccaagtaccc cgaggacatc agcgacttct tcatccagag 1380
cttceceegee ggcttegtgt acgagcegcac cctgcgcetac gaggacggeg gectggtgga 1440
gatccgcage gacatcaacc tgatcgagga gatgttcgtg taccgcegtgg agtacaaggg 1500
ccgcaactte cccaacgacg gecccgtgat gaagaagacce atcaccggece tgcageccag 1560
cttcgaggtg gtgtacatga acgacggcgt gctggtggge caggtgatcce tggtgtaccg 1620
cctgaacage ggcaagttct acagctgeca catgegcace ctgatgaaga gcaagggcegt 1680
ggtgaaggac ttccccgagt accacttcat ccagcaccgce ctggagaaga cctacgtgga 1740
ggacggcegge ttegtggage agcacgagac cgccatcgec cagctgacca gectgggeaa 1800
gcceectggge agectgcacg agtgggtgta atagctcgag agatctaagg cctetctgge 1860
ctegaccteg agtctagegg ccgctcegagg ceggcaagge cggatccaga catgataaga 1920
tacattgatg agtttggaca aaccacaact agaatgcagt gaaaaaaatg ctttatttgt 1980
gaaatttgtg atgctattgc tttatttgta accattataa gctgcaataa acaagttaac 2040
aacaacaatt gcattcattt tatgtttcag gttcaggggg aggtgtggga ggttttttaa 2100
agcaagtaaa acctctacaa atgtgggtcg acggtaccaa gcttgatatc gaattcatta 2160
tgcccagtac atgaccttat gggactttce tacttggcag tacatctacg tattagtcat 2220
cgctattacc atggtgatgc ggttttggca gtacatcaat gggcgtggat agcggtttga 2280
ctcacgggga tttccaagtc tceccaccccat tgacgtcaat gggagtttgt tttggcacca 2340
aaatcaacgg gactttccaa aatgtcgtaa caactccgece ccattgacge aaatgggcgg 2400
taggcgtgta cggtgggagg tctatataag cagagctcegt ttagtgaacc gtcagatcgce 2460
ctggagacgc catccacgct gttttgacct ccatagaaga ttctagagct agcgaattct 2520
ataagcagag ctcgtttagt gaaccgtgag atcgcctgga gacgccatcce acgcectgtttt 2580
gacctccata gaagattcta gagctagcge ccttaatcat gcagttgttce atcctcatta 2640
atatggataa gtcatgtgtt catctttcat tctaatttaa ttcaactggg ccttttaata 2700
tttcagecte accacttgat gggctctgat ccttettttt cttctgecte ctcacgtcete 2760
caaccagaag gtgatctttt agtccttcac ttcatgggga gccttcagag agagtaatgce 2820
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-continued
agccaccaga aaggatgccg ttgaccgaca cagtgactga caggctgccce tggctcagtt 2880
atcacagtgc tgatgctgtc tattctaaag gtacagtact gtgataactg aaggatggca 2940
gecatcttac ctteccatcag aggagectca ccgtacccag gaagaaagaa ggtgaaagag 3000
gaatgtgaaa caggtggctg ggacccagaa accctcttac cctgcacctce tgtcatactt 3060
ctccegggge atagggagag ttattttgcet tcetetttgece ttgttttgta acatgggegg 3120
ccgggaagga tctgegatceg cteceggtgee cgtcagtggg cagagcgena cgnntgnenn 3180
annnnnnnnn nnnngggccce acgcgtgegyg cegcaggaac ccectagtgat ggagttggece 3240
actcectete tgcgegeteg ctegctcact gaggeceggge gaccaaaggt cgcccgacge 3300
cegggetttyg cccegggegge ctcagtgage gagcgagege gcagetgect gcaggacatg 3360
tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttget ggegttttte 3420
cataggctee gccccectga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga 3480
aacccgacag gactataaag ataccaggcg tttecccectg gaagctccect cgtgegetcet 3540
cctgttecga cectgecget taccggatac ctgtceccgect ttctecectte gggaagegtg 3600
gcgetttete atagctcacg ctgtaggtat ctcagttcgg tgtaggtegt tcegcectccaag 3660
ctgggcetgtg tgcacgaacc ccccgttcag cccgaccegcet gegcecttate cggtaactat 3720
cgtcttgagt ccaacccggt aagacaggac ttatcgccac tggcagcagce cactggtaac 3780
aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcctaac 3840
tacggctaca ctagaaggac agtatttggt atctgcgcectc tgctgaagcce agttacctte 3900
ggaaaaagag ttggtagctc ttgatccggce aaacaaacca ccgctggtag cggtggtttt 3960
tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatce 4020
ttttctacgg ggtctgacge tcagtggaac gaaaactcac gttaagggat tttggtcatg 4080
agattatcaa aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca 4140
atctaaagta tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggca 4200
cctatctcag cgatctgtet atttcecgttca tccatagttg cctgactcece cgtegtgtag 4260
ataactacga tacgggaggg cttaccatct ggccccagtg ctgcaatgat accgcgagac 4320
ccacgetcac cggcteccaga tttatcagca ataaaccage cagecggaag ggccgagcege 4380
agaagtggtc ctgcaacttt atccgcectce atccagtceta ttaattgttg ccgggaagcet 4440
agagtaagta gttcgccagt taatagtttg cgcaacgttg ttgccattgce tacaggcatc 4500
gtggtgtcac gctecgtegtt tggtatgget tcattcaget ccggtteccca acgatcaagg 4560
cgagttacat gatcccccat gttgtgcaaa aaagcggtta gectccttegg tectecgatce 4620
gttgtcagaa gtaagttggc cgcagtgtta tcactcatgg ttatggcagc actgcataat 4680
tctecttactg tcatgccate cgtaagatge ttttectgtga ctggtgagta ctcaaccaag 4740
tcattctgag aatagtgtat gcggcgaccg agttgctett gecccggcegte aatacgggat 4800
aataccgcgce cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttegggg 4860
cgaaaactct caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgca 4920
cccaactgat cttcagcatc ttttactttc accagcgttt ctgggtgagce aaaaacagga 4980
aggcaaaatg ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatacte 5040
ttccttttte aatattattg aagcatttat cagggttatt gtctcatgag cggatacata 5100
tttgaatgta tttagaaaaa taaacaaata ggggttccgce gcacatttcce ccgaaaagtg 5160
ccacctgacg tctaagaaac cattattatc atgacattaa cctataaaaa taggcgtatc 5220
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-continued
acgaggccct ttcegtctege gegttteggt gatgacggtg aaaacctctg acacatgcag 5280
cteeceggaga cggtcacage ttgtctgtaa geggatgeceg ggaggagaca agcccgtcag 5340
ggcgcgtecag cgggtgttgg cgggtgtegg ggctggctta actatgcggce atcagagcag 5400
attgtactga gagtgcacca taaaattgta aacgttaata ttttgttaaa attcgcgtta 5460
aatttttgtt aaatcagctc attttttaac caataggccg aaatcggcaa aatcccttat 5520
aaatcaaaag aatagcccga gatagggttg agtgttgttc cagtttggaa caagagtcca 5580
ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa ccgtctatca gggcgatggce 5640
ccactacgtg aaccatcacc caaatcaagt tttttggggt cgaggtgccg taaagcacta 5700
aatcggaacce ctaaagggag cccccgattt agagettgac ggggaaagcece ggcgaacgtg 5760
gcgagaaagyg aagggaagaa agcgaaagga gcgggegceta gggcegetgge aagtgtageg 5820
gtecacgcetge gegtaaccac cacacccgcece gegcettaatg cgccgctaca gggegcegtac 5880
tatggttgct ttgacgtatg cggtgtgaaa taccgcacag atgcgtaagg agaaaatacc 5940
gcatcaggcec gtaacctgte ggatcaccgg aaaggaccceg taaagtgata atgattatca 6000
tctacatatc acaacgtgcg tggaggccat caaaccacaa ttcaggacag acagtggcta 6060
cggctcagtt tgggttgtge tgttgctggg cggcgatgac gecctgtacge atttggtgat 6120
ccggttetge ttceccecggtatt cgcttaattce agcacaacgg aaagagcact ggctaaccag 6180
gctegecgac tcettcacgat tatcgactca atgctcecttac ctgttgtgca gatataaaaa 6240
atcccgaaac cgttatgcag gctctaacta ttacctgcega actgtttcgg gattgcattt 6300
tgcagacctc tctgcctgeg atggttggag ttccagacga tacgtcgaag tgaccaacta 6360
ggcggaatcg gtagtaagcg ccgcectcettt tcatctcact accacaacga gcgaattaac 6420
ccatcgttga gtcaaattta cccaatttta ttcaataagt caatatcatg ccgttaatat 6480
gttgccatcc gtggcaatca tgctgctaac gtgtgaccge attcaaaatg ttgtctgcga 6540
ttgactcttce tttgtggcat tgcaccacca gagcgtcata cagcggctta acagtgcgtg 6600
accaggtggg ttgggtaagg tttgggatta gcatcgtcac agcgcgatat getgcegettg 6660
ctggcatcct tgaatagccg acgcctttge atcttceccegeca ctcetttcecteg acaactctcece 6720
cccacagcetce tgttttggca atatcaaccg cacggcctgt accatggcaa tcectctgcatce 6780
ttgceceecgg cgtcecgecggca ctacggcaat aatccgcata agcgaatgtt gcegagcactt 6840
gcagtacctt tgccttagta tttecttcaa getgece 6876
We claim: 7. A cell line comprising a vector for enforced expression

1. A vector for enforced expression of pre-miR-101 com-
prising a polynucleotide sequence of SEQ ID NO:1.

2. The vector for enforced expression of pre-miR-101 as
claimed in claim 1, wherein the vector is recombinant
AAV2/8 vector.

3. The vector for enforced expression of pre-miR-101 as
claimed in claim 2, wherein the recombinant AAV2/8 vector
comprises of a modified capsid.

4. The vector for enforced expression of pre-miR-101 as
claimed in claim 3, wherein the modified capsid comprises of
at least one amino acid substitution.

5. The vector for enforced expression of pre-miR-101 as
claimed in claim 4, wherein the amino acid substitution com-
prises of substituting tyrosine with phenylalanine.

6. The vector for enforced expression of pre-miR-101 as
claimed in claim 4, wherein the amino acid substitution
occurs at least one of Y444F, Y500F and Y730F.

50

55

60

of pre-miR-101, wherein said vector comprises of a poly-
nucleotide sequence of SEQ ID NO: 1.

8. A pharmaceutical composition for enforced expression
of pre-miR-101 comprising: a vector of polynucleotide
sequence of SEQ ID NO: 1; and a pharmaceutically accept-
able carrier.

9. A method for enforced expression of pre-miR-101 com-
prising: administering to a subject a vector of polynucleotide
sequence of SEQ ID NO: 1.

10. A method for treating a patient having a cancer, com-
prising: administering to a patient a therapeutically effective
amount of a vector of polynucleotide sequence of SEQ ID
NO: 1.

11. The method as claimed in claim 10, wherein the cancer
is hepato-cellular cancer.
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